Advances in polymers, soft-electronics, biosensors and mobile communication, have led to a growing interest in wireless Electrocardiogram (ECG) monitors. A wide variety of textile-based wireless ECG sensors and systems have been developed [1, 2] . Typically, such wireless ECG systems rely on miniature ECG sensor/electrode that can be worn as badges, patches, or jewelry to measure and show advance reactions. Smart textile and non-contact electrodes have also been reported recently. The earlier stage of smart clothing usually tether conventional electrode sensors or devices attached to the textile. Such approaches have their limitations such as discomfort and integration with the fabric. In this paper, a wireless ECG system using smart textiles sensor is presented. Non-contact ECG electrode, developed with intelligent materials and different textile technologies, is an integral part of wireless ECG system. Such electrodes with integrated nanostructure conformal antenna can use a wireless transmitter to send data to any external device for remote health monitoring, telemedicine and health delivery. The paper will also present the design of the textile based integrated conformal patch antenna as well as system level radio design that could be integrated with the textile based conformable antenna and proposed ECG electrode
INTRODUCTION
Smart textile based non-contact wireless ECG electrode and conformal textile based patch antennas are challenging issues during the development of integrated real-time remote health monitoring systems. The earlier stage of smart clothing usually tethers conventional electrode sensors or devices to the textile, such approaches have their limitations such as discomfort and integration with the fabric. In addition to that textile based smart clothing suffers from oxidation problem. Conventional commercial bio-potential ECG electrodes made of Ag/AgCl, when worn for long period of time can react with skin [3, 4] . Several research groups have exploited smart textile technologies and advances in sensor technology to develop reliable noncontact ECG electrodes [5, 6] . Any wearable ECG electrode and sensors designed for telemonitoring applications should ideally be integrated in the fabric.
Over the last few years, nanotechnology has seen an increased acceptance as well as widespread use of its applications in medicine. As smart textiles emerged as a mature technology, textile based electrodes made with conductive a Multi-Walled Carbon Nanotubes (MWNTs) have also been proposed [7] . Cloth electrodes with conductive integrated nano-tubes on one side and tradition AgCl electrode on other side, act as a smart electrode. Due to high impedance of cloth such electrodes suffer from low voltage range. Stretching and physical activities should also have minimal effect on the performance of such electrodes. Traditionally, knitting, printing and embroideries are used to realize ECG electrodes. Such approaches are not practical because impedance and conductivity of knitted substrate changes as textile stretches [4, 8] . This paper provides a detailed review of the recent research and development in the field of smart textile technologies. The applications of integrated intelligent textile in biomedical engineering will also be presented in detail. Emphasis will be placed on the integration of technologies in order to develop a non-contact ECG system for biomedical applications. The paper is organized as follows: We will discuss advantages and fabrication techniques of traditional silver/silver chloride (Ag/AgCl) electrode. We will present design and fabrication techniques of novel noncontact Silver/Sliver Chloride electrode in section 3 and section 4. Section 5 will discuss conformal nano structured antenna design and system level radio design that can be integrated with the antenna for remote health monitoring applications.
II. SILVER SILVER CHLORIDE ELECTRODES
The focus of our research is design and the development of non-contact textiles ECG electrode for remote health monitoring applications. The standard Ag/AgCl electrodes are well characterized as these electrodes have been studied for years. Reliability and accuracy of Ag/AgCl electrodes, and the fact that they can be easily fabricated makes it an attractive choice. In typical Ag/AgCl electrode silver is covered with a thin layer coating of silver chloride, which is then immersed in electrolyte containing the Cl-in relatively high concentration. Another method of producing Ag/AgCl electrodes is to form pellet electrodes by sintering process. A sintered Ag/AgCl electrode is formed by placing the cleaned lead wire on a die that is then filled with a mixture of powered Ag and AgCl. [9] . The Silver Pure Silver is highly conductive, soft, ductile, and malleable. Silver also has highest electrical and thermal conductivity in metals. Electrical Conductivity of Silver is about 63 *10 6 sm -1
, which make silver/silver chloride (Ag/AgCl) electrode an excellent candidate for commercial applications. The biggest challenge in designing a textile based smart electrode is contact impedance. Conventional Ag/AgCl electrodes use electrolyte and adhesive material between the skin and the electrode, this assure uniform signal quality. Noncontact electrodes suffer from signal degradation as textile stretches. Other considerations include ease of production, abrasion resistance, stain resistance, chemical resistance against secretion and prevention of skin irritation for wearers. Cloth electrodes with multi-walled carbon tubes (MWNTs) on one side and Ag/Cl electrode on other has been proposed in the past as noncontact electrode [3] .
Developing of biomedical sensors with integrated communication circuits and sensing technology is mostly focused on communication protocols development of integrated electronics.
Research in development of integrated Ag/AgCl electrode primarily focused on development of thin film miniature electrode [10] [11] [12] , or electrodes fabricated by semiconductor integrated circuits technology [13] .
III. MATERIAL AND METHODS
Our Research is focused on developing an ECG electrode that does not stimulate the skin. Textiles with integrated metallic fiber, conductive yarn, or knitted metallic fiber can have a good conductivity. Highly conductive textiles by metal sputtering have been propsoed in the past to pick up the signal from the human body to measure the ECG signals.Textiles exhibit various special features depending on the structure and types of materials used. The advantages of the textile-based motion sensors are their non-irritating characteristic and the possibility of integration in clothes. Etextile electrodes to measure biometric parameters, such as heart rate and temperature, show great promise due to the ease of integration of electrode, antennas [14, 15] , and conductive textile. Conductive yarn and embroidery is commonly used to realize e-textiles. Unavailability of etextile tailoring technology and limitation in tailoring multilayer design pose challenges in developing e-textile based electrodes. In this section we will present the protocol to develop textile based Ag/AgCl electrode that can be worn for long time without causing skin irritation, in addition to that the proposed textile based electrode is washable and reusable. Two methods for non contact fabric-based electrodes are presented in this paper.
a) Ag-sputtering electrode
To overcome the limitations of tailoring technology, we present a sputtering protocol to develop electrodes using conductive coating technology. G. Cho, et al., developed electrode using Cu-Sputtering on Pu coated nylon fabric [16] . In sputtering process, metal ions are extracted from an electrode/target due to bombardment of ions of a working gas. Positive ions of working gas, argon, bombarded on the target and cause knock-off of its atoms and extract ions from the electrode. G. Cho, et al. developed electrode by forming Cu thin film coating onto the surface of the nylon fabrics [16] . The research result reveals that the quality of signal is not satisfactory when the electrode is stretched.
We developed a method of deposing durable and long lasting Ag coating on Polyurethane (Pu) layer. Ag/AgCl electode has seveal advantages as mentioned in section 2. of the paper. Classical methods of deposing Ag layer on Pu do not guarantee a durable layer. The deposited layer will have poor adhesion and may be easily abraded. Commercially available nylon specimen, treated with Pu and followed by deposition of thin layer of conductive material i.e. Cu is used in the past to realize textile based electrodes [3] . Unfortunately, using two-stage process to develop Ag on Pu treated fabric will not guarantee durable layer. We propose using three-stage process, which includes Pu treatment of the fabric and development of thin Cr layer before deposition of Ag on the substrate. The procedure to develop Silver/Silver chloride electrodes are as follows.
1) Material Preparation-Prepare materials, such as (Pu, Cr
and Ag) for manufacturing and fabrication of Ag/AgCl textile electrode. Pu treatment, extensively used in water resistant treatment for sport wear, prepare textile surface for metal deposition. Polyurethane is resilient, flexible and durable material. Pu is used in thousands of applications. Polyurethane laminate fabrics are commercially available. Applied on porous fabric Pu laminate provide a flexible, waterproof layer. Pu treatment assures uniform attachment of a thin metal layer on fabric substrate. A 10 x10 cm Pu-treated fabric will be used as electrode. Characteristics of specimen for Pu treatment is given in Table 1 .
2) Cr deposition: A 10 x10 cm Pu-treated specimen will be used as a cathode during the sputtering process. Durable layer of Ag cannot be deposited directly on the surface of Pu-treated fabric. We propose depositing a chromium layer to give Ag good adhesion characteristics. Fig. 1 , show deposition of Cr on Pu substrate. The conditions for deposition of Cr on Pu treated anode are given in Table 2 .
3) Ag deposition on Pu + Cr treated fabric: Sputtering is used to deposit a thin film of Ag on Pu-Cr treated cathode. To obtain a regular coating of the Ag on the cathode specimen, the sputtering process should be conducted in an inert gas atmosphere, such as Argon.
The sputtering Process is shown in the Fig. 2 . The conditions for deposition of Ag on Pu + Cr anode are given in Table 2 . b) Electroless plating The second method to develop a durable Ag/AgCl electrode is by using electroless plating. Ag plated fabrics are demand to be used as textiles electrode due to good conductivity and well understood characteristics of Ag/AgCl electrodes. Poor durability, due to poor adhesion of Ag on fabric is a major hurdle in developing textile based Ag/AgCl electrodes. Electrical properties of such electrodes are also not nonuniform due to poor adhesion to the substrate. To minimize the effect of abrasion and laundering on the fragility of Ag/AgCl electrode we propose using polyurethane coated fabrics in electroless process. Ag-plated fabrics have excellent characteristic such as good conductivity and is also easy to use in tailor machine. Deposition occurs in an aqueous solution containing metal ions a reducing agent and stabilizers. Since a whole surface is wetted during the electroless, suitable characteristic, such as good conductivity and uniform electrical properties regardless of geometries is a major advantage of this process. Poor wear resistance and durability is a major concern, that can be addressed by applying a polyurethane (PU) sealing. The procedure to develop Silver/Silver chloride electrodes using electroless process is as follows. The electroless silver plating method is important because any substance, i.e., both metals and insulators, can be coated with silver by using this technique.
Pretreatment Process
The treatment for the fabric has been explained above is will remain same during electroless process. 
IV. TRANMITTER DESIGN
In this section we present the design of a nanostructured conformable patch antenna array and system level radio design that could be integrated with the textile based conformable antenna and proposed ECG electrode. The proposed system designed specifically for biomedical applications can be used to provide real time remote health monitoring thus improving patient quality of life. Acquisition of remote physiological signals is becoming possible with the advancement in communications systems and compact low power devices. A low power transmitter, a conformal antenna and textile based ECG sensor is required to realize such system. Detailed transmitter and antenna design has been presented in [15] . Figure 4 present a design of textile based conformable four patch array that can be easily integrated with the ECG electrodes. Antenna design has been carried out in the 2-3 GHz ISM band for space, defense and biomedical application. As shown in the antenna is made up from textile materials, where the blue portion is highly conductive polymer composite and the cotton substrate which has dielectric constant of 2.2 same as that of RT duroid; a material that has excellent characteristics for optimal antenna efficiency. Detail transmitter design can be found in [15] .
Radio Frequency transmitter, consisting of three two IF and an RF stage, is used to up-convert an input signal to 2.45 GHz output signal frequencies. The magnitude of received signal from ECG montor is taken as 0.5-2mV, and frequency range of ECG signal is taken as 0.1 -250 Hz [9] . System level design and components of three stages using Agilent ADS is given below: 
IF

V. CONCLUSION
We report our investigation on the design and development procedure for non-contact ECG electrode. We investigated limitations of current Ag/AgCl electrodes as well as presented review and limitation of several proposed non-contact electrodes. We presented novel non-contacted electrode and presented a detailed protocol and procedure for the development of such electrodes. Non-contact ECG electrodes are an integral part for any remote health monitoring system. We also briefly discussed textile based antenna, RF transmitter design and ECG sensor deisgn required to transmit an ECG signal wirelessly provide remote health monitoring of patients.
